A b s t r a c t During the period
INTRODUCTION
Barley is marked by the largest crop area in Poland among spring cereals. The increase in barley yields over the recent period has largely been an effect of the introduction of new more productive cultivars into farming practice. Potential grain yield of a given cultivar depends on various characters making up the plant growth habit. The productive tillering ability of plants, that is, their ability to produce an optimally large number of ears in the crop, is of special significance. Furthermore, ear productivity traits are also important. Intervarietal variation in morphological characters of barley may generate a different response of particular cultivars to major agronomic factors (fertilization as well as sowing date and seeding rate). Barley cultivars with higher tillering ability have been found to show a weaker response to increasing seeding rate (P e c i o , 1995; A u f h a m m e r and K u b l e r , 1989; P e c i o , 1995; N o w o r o l n i k , 2003, 2010 a). Barley cultivars with lower tillering ability have been observed to respond stronger to increased nitrogen fertilization rates by increasing yield (L a u e r and P a r t r i dg e , 1990; C o n r y , 1995; N o w o r o l n i k , 2003, 2010 b) . However, there is a lack of information on different responses of new barley cultivars to delayed sowing date as expressed by plant morphological characters and grain yield. In Poland the frequent prolonged persistence of winter conditions forces delayed sowing time of spring cereals. Decreased yields of new barley cultivars with delayed sowing dates should be compared in relation to plant morphological characters that strongly affect grain yield. In the literature, there is also a lack of information on variations in productive tillering rate and number of grains per ear in spring barley cultivars as well as on the pattern of phenological phases of new barley cultivars depending on sowing date. In the cultivar experiments conducted by the Research Centre for Cultivar Testing in Słupia Wielka, grain yield, 1000 grain weight, and the degree of lodging were evaluated, but number of ears per unit area and number of grains per ear were not determined (N a j e w s k i , 2010).
The aim of the present study was to compare new barley cultivars in terms of their productive tillering ability, number of grains per ear, and 1000 grain weight as well as in terms of their response to delayed sowing date as expressed by plant morphological characters, grain yield, and the pattern of phenological phases.
The research hypothesis was that with delayed sowing date decreases in grain yield of the barley cultivars tested would be different, in association with different changes in the morphological characters (productive tillering rate, number of grains per ear, 1000 grain weight) of these cultivars. The cultivars with higher tillering ability and, moreover, characterized by a high number of grains per ear might presumably respond by a lower decrease in yield under the effect of delayed sowing time.
MATERIALS AND METHODS
During the period 2008-2010, microplot experiments on spring barley were carried out in the experimental field of the Institute of Soil Science and Plant Cultivation -State Research Institute in Puławy, on a good wheat soil complex. The following cultivars were compared: 'Conchita', 'Kormoran', 'Rufus', 'Skald', 'Skarb' (2008 'Skarb' ( -2009 ) as well as 'Afrodite', 'Aliciana', 'Bordo', 'Skald', and 'Suweren' (2009-2010) , in terms of their morphological characters determining grain yield and their response to sowing date: 7-12 April and 17-22 April.
The experiment was established in a field after potato as a split-plot design in 4 replications. Mineral fertilization, adjusted to soil macronutrient availability, was applied at the following rates on a per hectare basis: N -60 kg; P-28 kg; K -58 kg. The seeding rate was 300 grains × m -2
. Number of ears per 1 m 2 , productive tillering rate, number of grains per ear, 1000 grain weight, and grain yield were determined. The beginning of particular phenological phases of barley plants was recorded and the length of the growing season was determined. The results were statistically analysed using analysis of variance and the significance of differences was determined by Tukey's test (p = 0.05).
RESULTS AND DISCUSSION
The length of the growing season and the duration of individual phenological phases of spring barley plants were dependent on sowing date and weather conditions in particular years (Table 1) . A delayed sowing date caused a shortening of the growing season by 8-9 days, which was attributable to the shortening of all plant growth stages. The growing season of spring barley in 2008 was longer by 9 days compared to 2010. This resulted from lower rainfall and higher temperatures in 2010 in the months of April, June, and July. Among the morphological traits that determine grain yield, the largest differences between the spring barley cultivars in question related to number of ears per unit area and productive tillering rate. In the first experimental series (2008) (2009) , the cultivar 'Skarb' was characterized by the highest number of ears per 1 m 2 and the highest productive tillering rate (Table 2) . This cultivar was found to have a significantly higher number of ears per 1 m 2 compared to the cultivars 'Skald' and 'Conchita'. Cv. 'Kormoran' showed a significantly higher number of ears than 'Conchita'. In the second experimental series (2009) (2010) , the cultivar 'Suweren' produced a significantly higher number of ears per 1 m 2 of all the cultivars (Table 3 ). The cultivars 'Afrodite' and 'Skald' showed a significantly higher number of ears than cv. 'Bordo'. Cv. 'Suweren' was characterized by the highest productive tillering rate, while this rate was the lowest in the case of 'Bordo'.
In the first experimental series, number of grains per ear was similar in the cultivars studied (not significant differences). Among the cultivars tested in the second experimental series, 'Bordo' was found to show a significantly higher number of grains per ear in relation to the following cultivars: 'Skald', 'Afrodite', and 'Suweren', whereas 'Aliciana' showed higher grain productivity than the cultivars 'Afrodite' and 'Suweren' (Table 3) .
There were significant differences in 1000 grain weight between the cultivars tested only in the first experimental series (Table 2 ). Cv. 'Kormoran' showed significantly higher 1000 grain weight compared to 'Skald' and 'Rufus'. The cultivars 'Skarb' and 'Conchita' were also found to show significantly higher 1000 grain weight in relation to 'Rufus'. Among the cultivars tested in the second experimental series, a trend towards lower 1000 grain weight was observed in 'Suweren' compared to the other cultivars.
The study found distinct differences in grain yield between the spring barley cultivars, in particular between those tested in the period 2008-2009 (Table 2). Cv. 'Skarb' showed significantly higher grain yield than the cultivars 'Kormoran', 'Conchita', and 'Skald', while cv. 'Rufus' produced higher yield than 'Skald'. In the second experimental series, 'Suweren' produced significantly higher yield than the cultivars 'Afrodite' and 'Aliciana' (Table 3) . Spring barley (on average for the cultivars) produced much higher yields under the conditions of early sowing time compared to late sowing time (Table 4). This was an effect of better productive tillering of earlier sown plants and thereby a higher number of ears per unit area, in spite of a trend towards a higher number of grains per ear in the case of late sowing date. The study found no effect of sowing date on 1000 grain weight. During the growing season, the failure rate for the spring barley crop was 5-6% with early sowing date and 8-11% with delayed sowing date.
The individual cultivars responded with a different decrease in grain yield to delayed sowing date (Table 5, 6 ). The cultivars 'Conchita' (2008 'Conchita' ( -2009 ) as well as 'Aliciana' and 'Bordo' (2009-2010) showed a significant decrease in grain yield. In terms of grain yield, a weaker negative response to delayed sowing date was found in the cultivars 'Skarb', 'Rufus', and 'Kormoran' (2008-2009) as well as in 'Afrodite' and 'Suweren' (2009-2010) . Cv. 'Skald' was characterized by a medium response to delayed sowing time.
Higher variations in productive tillering as well as lower variations in number of grains per ear and 1000 grain weight were found under the influence of sowing date and cultivar properties. Under the conditions of delayed sowing time, the productive tillering rate decreased most in the case of the cultivars 'Conchita' (2008 'Conchita' ( -2009 ) as well as 'Aliciana', 'Bordo', and 'Suweren' (2009-2010) . A trend towards a decrease in the number of grains per ear under the effect of delayed sowing date was only observed in 'Rufus' and 'Kormoran' (2008-2009) . The other cultivars, in particular 'Aliciana', 'Suweren', and 'Afrodite', responded to delayed sowing date by an increase in the number of grains per ear. A trend towards a decrease in 1000 grain weight with delayed sowing date was observed in the cultivars 'Afrodite' and 'Bordo', but a trend towards its increase in the cultivars 'Skarb', 'Rufus', 'Skald', and 'Suweren' (Tables 5, 6 ). The present study results confirmed the assumptions of the research hypothesis. The different response of the tested cultivars to sowing date as expressed by grain yield was associated with intervarietal variation in the main characters determining grain yield.
The best-yielding cultivars, 'Suweren' and 'Skarb', followed by 'Rufus', 'Kormoran', and 'Afrodite', produced a higher number of ears per unit area than the other cultivars and showed higher tolerance to delayed sowing date. The cultivars 'Conchita', 'Aliciana', and 'Bordo' were characterized by lower tillering ability, which, coupled with a shortening of the tillering stage and other growth stages in the case of delayed sowing date (Table 1) , generated too small a number of ears in the crop. Among the grain yield components, number of ears per unit area is most strongly positively correlated with yield (P e c i o , 1995; N o w o r o ln i k , 2003).
In the literature, there is a lack of information on the response of new cultivars to delayed sowing date as expressed by plant morphological characters, grain yield, and plant phenology. Earlier national studies (F a t y g a et al. C o n r y , 1995) compared the degree of tolerance to delayed sowing date of old cultivars which are not grown nowadays. The above-mentioned studies found a different negative response of these cultivars to delayed sowing time as expressed by grain yield, but they did not analyse the relationship of this response with the degree of productive tillering and productivity characteristics of the ear. In the experiments carried out by the Research Centre for Cultivar Testing (N a je w s k i , 2010), grain yields of all cultivars included in the national register in a given year were compared and also selected commercially important and biometric traits of these cultivars were determined. Among the main grain yield components, only 1000 grain weight was determined. The determination of productive tillering rate and number of grains per ear in the new cultivars made in this study is a unique exercise.
The determination of productive tillering rates for plants of the new cultivars tested in the present study may suggest tolerance of a given cultivar to delayed sowing date and its requirements concerning the seeding rate. Cultivars with higher tillering ability may be more tolerant to delayed sowing date and may require a lower seeding rate. The research on the effect of seeding rate on yield of various spring barley cultivars has found a stronger positive response of cultivars with lower tillering ability to increasing seeding rate (A uf h a m m e r and K u b l e r , 1989; N o w o r o l n i k , 2003, 2010 a).
